Fluoroquinolone use has been known to be associated with tendinopathy and tendon rupture for over 30 years. 4, 21 Fluoroquinolones such as levofloxacin and ciprofloxacin are broad-spectrum antibiotics and are commonly used in respiratory, urological, and skin infections, although fluoroquinolones can no longer be used empirically for suspected methicillin-resistant Staphylococcus aureus (MRSA) due to resistance. 1, 4, 9, 12, 15 Fluoroquinolones and other broad-spectrum antibiotics are also commonly prescribed for hand and joint infections due to the need for immediate and decisive treatment of these infections to prevent bone and joint destruction. 8 Fluoroquinolones are then continued used for known gram-negative osteomyelitis. 8 Although fluoroquinolones are generally well tolerated and relatively safe, the side effect can be troublesome and debilitating beyond that of the original infection or suspected infection being treated. As a result of the risk of tendinopathy and other serious side effects such as peripheral neuropathy and worsening myasthenia gravis, the Food and Drug Administration (FDA) has recently recommended restricting fluoroquinolone use to complicated infections and patients for whom there is no suitable alternative antibiotic. 7 Tendinopathy associated with fluoroquinolone use has been very well described in relation to the Achilles tendon and has an incidence of 0.08% to 2%. 20 Patients who are over 60 years old, nonobese, or are on glucocorticoids are at increased risk of Achilles tendinitis, while women are more likely to experience Achilles tendon rupture. 11, 23 Fluoroquinolone-associated tendinopathy affecting structures of the hand and wrist has been less frequently described, yet the small size of tendons in the hand and wrist and their proximity to adjacent structures create a point of vulnerability should severe disease occur. To assess the number of described cases, their severity, treatments, and sequelae, we conducted a systematic review of Abstract Background: Fluoroquinolone use has been known to be associated with tendinopathy and tendon rupture for over 30 years. Hand and wrist involvement has been reported rarely, yet without early recognition and withdrawal of the fluoroquinolone, there is potential for significant morbidity. Methods: We searched Medline using a comprehensive search strategy for fluoroquinolones and tendinopathy of the hand and wrist, and provide a case report of a possible levofloxacin-related tendon rupture in a patient with a previous mutilating hand injury. Results: We located 10 previously reported cases of fluoroquinolone-associated tendinopathy in the hand or wrist ranging from 1983 to 2015. Unlike Achilles tendinopathy, women were no more likely than men to have tendon rupture affecting the hands or wrists. Our patient was a 59-year-old man with prior tendon repair but otherwise noncontributory medical history who experienced spontaneous tendon rupture on an extended course of levofloxacin and required extensive pulley and boutonnière repair. Conclusions: Given the extensive damage that may be caused to weakened tissue, clinicians should maintain a high index of suspicion of tendinopathy in patients taking fluoroquinolones who have had previous tendon repairs, particularly in the setting of unexplained changes in recovery trajectory.
NP124 HAND 12 (5) published cases of hand and wrist tendinopathy following fluoroquinolone administration. We then report a possible case of levofloxacin-associated spontaneous tendon rupture involving several tendons in the hand which required extensive surgical intervention.
Materials and Methods
We searched Medline using a comprehensive search strategy (Online Appendix A) for fluoroquinolones and tendinopathy of the hand and wrist. This provided 16 results. Abstracts were reviewed for inclusion, and 7 articles were found to relate to fluoroquinolone-associated tendinopathy in humans. No hand and wrist-specific cohort studies, crosssectional studies, or randomized controlled trials were located. We proceeded to search reference lists forward and backward to compile a complete record of published case reports of fluoroquinolone-associated tendinopathy of the hand or wrist, which resulted in a final collection of 10 articles reporting 10 separate cases. We coded cases according to antecedent therapy factors, patient factors, tendinopathy characteristics, and treatment (Table 1 ).
Results
We located 10 previously reported cases of fluoroquinolone-associated tendinopathy in the hand or wrist ranging from 1983 to 2015. Patients ranged in age from 34 to 81 years (Mdn = 67) and were predominately women (60%). A variety of fluoroquinolones were associated with reported cases, including norfloxacin (3), ciprofloxacin (3), levofloxacin (2), pefloxacin (1), and ofloxacin (1), and treatment was for both suspected and proven infections. Onset of tendinopathy ranged from day 2 to 28 of treatment, while 1 patient was given levofloxacin a second time after developing tendinopathy and developed tendinitis much quicker on this course (day 7 rather than day 28). Half of patients (50%) had no known risk factors for fluoroquinolone-associated tendinopathy, while others had established glucocorticoid treatment (4), were renal transplant recipients (2), had impaired renal function (1), or had previous long-term fluoroquinolone treatment (1) . Most cases were unilateral (60%) and had tendinitis (70%). A minority of cases had tendon rupture (40%), only one of which had tendinitis, in the form of ischemia and necrosis. Diagnosis was primarily clinical, and treatment in most cases entailed ceasing the fluoroquinolone and symptom relief. Surgery was recommended in all cases of tendon rupture, and bilateral carpal tunnel release was necessary in 1 tendinitis case. Long-term follow-up was uncommonly reported, but of those cases in which it was reported, outcomes ranged from full recovery to ongoing extension lag or inability to flex the affected digit. Full details of our final collection can be found in Table 1 and a summary of characteristics in Table 2 . Unlike Achilles tendon rupture, in this sample, there does not appear to be an increased likelihood for women to present with tendon rupture.
Case Report
A 59-year-old man presented between August and October 2015 with multiple pulley ruptures and contractures to the left index, middle, and ring fingers following a course of levofloxacin. Our patient had sustained a saw injury to the hand in December 2014 resulting in revascularization and repair to all flexor tendons in his left index, middle, and ring fingers, extensor tendon in the ring finger, and flexor pollicis longus. He underwent proximal interphalangeal (PIP) arthroplasty to the ring finger in April 2015, and after regaining excellent passive movement, in June 2015, he underwent flexor tenolysis of his index, middle, and ring fingers, as well as left ring finger A4 pulley reconstruction with sublimis tendon. He suffered a flexor tendon rupture postoperatively requiring placement of a 5-cm sublimis tendon graft 10 days later. Some ring finger erythema was noted intraoperatively, and cultures grew gram-negative rods. A 6-week (42 days) course of oral levofloxacin was recommended at this time by an infectious disease specialist. On day 11 of levofloxacin treatment, our patient had improved range of motion in the surgically involved fingers and was judged to be recovering well. The levofloxacin course was continued based on the recommendation of an infectious diseases specialist. On approximately day 28 of levofloxacin treatment, the patient sustained a spontaneous A2 pulley rupture to the left middle finger. He did not report the injury until day 40 of levofloxacin treatment, at which point a pulley ring splint was fitted. Our patient developed contractures over the next 2 months: a boutonnière deformity with flexion contractures of the PIP joints of the index, middle, and ring fingers, as well as extensor deformities of the distal interphalangeal joints of the middle and ring finger. Contracture release and pulley reconstruction were subsequently performed.
Our patient's medical history was otherwise noncontributory. He has no history of kidney disease, diabetes mellitus, or systemic glucocorticoid use, nor is he of advanced age. His only regular medications were fish oil and an overthe-counter multivitamin. We believe that the mutilating hand injury from which he was recovering increased his vulnerability to fluoroquinolone-related tendon rupture, resulting in spontaneous A2 pulley rupture and subsequent contractures that were unexpected given his trajectory.
Discussion
Of the published cases of fluoroquinolone-associated tendinopathy affecting the hands or wrists, women were not more likely to have tendon rupture. This contradicts previous data on Achilles tendinopathy, which have shown women to be significantly more likely to experience tendon rupture than men. 11, 23 Although few cases of hand and wrist tendinopathy have been published, this inconsistency suggests that location and severity of tendinopathy associated with fluoroquinolone use may have complex antecedents that have yet to be identified.
It is also worth nothing that many of the hand and wrist tendinopathy cases we have located have occurred earlier than that typically recorded for Achilles tendinopathy. 20 There is currently not enough data to draw conclusions as to why this might be the case, whether it is earlier identification or etiological. It also does not appear from the limited cases published that hand and wrist tendons, compared with the Achilles tendon, are more susceptible to tears after fluoroquinolones have been ceased. However, up to half of all Achilles tendon ruptures occur after fluoroquinolones have already been ceased. 13 Clinicians should be aware of the ongoing possibility of fluoroquinolone-associated tendinopathy in patients who have had recent exposure to fluoroquinolones.
Fluoroquinolone-associated tendinopathy can very rarely present as a severe case requiring extensive reconstruction. Our patient had no significant medical history that would suggest specific vulnerability to fluoroquinolones but rather general vulnerability to his hand anatomy-a prior mutilating hand injury requiring tendon repair. Evidence from in vitro studies suggests that fluoroquinolones contribute to tendinopathy by inhibiting collagen maturation, reducing cell stability, and directly degrading matrix, any of which may be exacerbated by factors such as genetics and renal impairment. 2, 20 Although data on fluoroquinolone-associated tendinopathy in the hand specifically are scant, it is important to consider that prior tendon injury and its ongoing healing may have increased this patient's susceptibility to spontaneous tendon rupture on exposure to a prolonged fluoroquinolone course. Given the damage that may be caused to weakened tissue, clinicians should maintain a high index of suspicion of tendinopathy in patients on fluoroquinolones who have had previous tendon repairs.
The cardinal symptom of tendinitis is tenderness and pain, which may be on movement or also at rest, whereas tendon rupture pain is classically sudden and intense with laxity and loss of function in the affected joints. New or worsening pain while a patient is on a fluoroquinolone should lead the clinician to consider the possibility of tendinopathy. While tendon pain or damage may be due to other causes, including purely mechanical overuse or injury, fluoroquinolones can increase susceptibility to further injury and should be ceased immediately if any serious adverse effect such as tendinopathy is suspected. 7 Treatment of tendinopathy is largely symptom driven, and tendinitis of the hand and wrist appears to resolve gradually after withdrawal of the fluoroquinolone without the need for further treatment. Acetaminophen may be effective for pain, and overuse of the affected region should be strictly avoided to prevent tendon rupture. Should tendon rupture or nerve entrapment occur, surgery may be necessary and should be tailored to the individual patient and injury.
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